By decomposing the distribution functions and color field as regular and fluctuation parts, we analyze the solution of the semi-classical kinetic equations of quark-gluon plasma. Through expanding the kinetic equations of the fluctuation parts to third order, the nonlinear permittivity is got. The selfinteraction term of color field in mean field equation plays an important role to the nonlinear permittivity of quark-gluon plasma.
PACS:12.38.Mh; 51.10.+y; 77.22.Ch During recent years, the energy changes of high energy partons traversing quark-gluon plasma(QGP) have been the subject of intensive interest [1] [2] [3] [4] . This is because the high transverse momentum particles and jets produced by the hard scattering processes, which propagate through the hot dense matter produced by the soft processes in the ultra-relativistic ion collisions, can be used as an observable and remarkable probe of QGP.
To further study the behavior of the high energy partons through QGP, one must constitute a kind of response theory for QGP to external current, which, in principle, must be nonlinear and non-Abelian. Therefore, the non-Abelian color permittivity, as one kind of characteristic quantity of QGP media, must be known. In the frame of kinetic theory, the color permittivity of QGP under the linear approximation has been given out long ago [5] . However, it is Abelian-like. Furthermore, as Ref. [6] points out, the self-coupling terms of color field have not been included in the calculation of relevant quantities with kinetic theory.
Because of the nonlinearity and non-Abelian characteristic of the semi-classical kinetic equations of QGP(see, for example, Ref. [5] ), an appropriate approximation method must be used to solve these equations. Recently, a few works have been done by separating the distribution functions and color field as regular and fluctuation parts, with which the semiclassical kinetic equations are converted to the forms which can be solved conveniently [6] [7] [8] . For the first time, Ref.( [7] ) gave out the nonlinear color permittivity of QGP beyond the linear approximation, in which the SU(3) color algebra has been ensured in the iteration process and, to some extent, the non-Abelian characteristic of QGP has been reflected. However, there still exists the problem pointed out by Ref. [6] .
In this letter, we calculate the color permittivity of QGP including the self-coupling contribution of the color field. Following Ref. [7] [8] [9] , the quantities in the kinetic equations of QGP, such as the quark distribution function f q (x, p), antiquark distribution function fq(x, p), gluon distribution function G(x, p) and the field A(x), can be decomposed as:
where the index R represents the regular parts of corresponding quantities, f R = f , etc. with index T the stochastic fluctuation parts. Here, the angular bracket · · · represents taking average over a statistical ensemble. Still further, the distribution functions f T q ,..., can be expanded as the series of small fluctuation A T , i.e.
With this kind of decomposition, we can get the kinetic equations for the fluctuation parts of quark, antiquark and gluon distribution functions from the semi-classical kinetic equations of QGP, respectively [5] . For example, the fluctuation part of quark distribution function satisfies:
The kinetic equations of the fluctuation parts of the antiquark and gluon distribution functions are similar to Eq.(3) except the opposite signs of the terms related to {..., ...} for antiquarks; f , A and F µν are replaced by G, A and F µν for gluons, respectively. In the following discussion we will only give out explicitly the relevant equations for f Up to third order, the fluctuation part A
T of color field A obey the following Yang-Mills equations:
where j T µ is the color current, which can be expanded also according to:
and in Eq.
being the n-th order color current. There exists the evolution equation for the regular part of every quantity, which makes it possible to discuss the out-of-equilibrium problems by using this theory [8, 9] . However, we will consider only the fluctuations around the colorless equilibrium state in this article. As in QED plasma, we can set A R = 0 and f
be chosen as Fermi-Dirac and
Bose-Einstein equilibrium distribution functions, respectively: f
, where u = (1, 0, 0, 0) is the local four-velocity of the plasma, N f is the the number of flavors for quarks.
With the expansion Eq.(2), if we collect the terms with similar power of f
, we can get the hierarchy of every order kinetic equations for f
, · · ·. It's convenient to discuss in the momentum space through the Fourier transformation, i.e., f (x, p) =
−ikx , etc.. We select the temporal axis gauge, i.e., A 0 = 0 and consider only the longitudinal field excitation for simplicity without loss of generality. The index T of field will be omitted as well, if without confusion. For longitudinal field excitation, we have
with K = |k|. To show the idea more clearly, let us discuss the solution of the first order equation at first. From the first order kinetic equations for fluctuation parts of distribution functions we can get
Substituting these expressions into the first order color current and then from the first order field equation, we have
The nontrivial solution condition of Eq.(8) requires the following linear dispersion relation be fulfilled
where
g 2 T 2 is the plasma frequency. This result agrees with that of the leading order in g got by using the HTL's(the hard thermal loops) in finite temperature QCD and the classical nature of HTL's has been extensively investigated(for example, see. Ref. [10, 11] ). It reflects that the eigenwaves in QGP are always timelike, and can not exchange energy directly with the particles of plasma. In the longwavelenth region this relation reads:
Similarly, the second order fluctuation parts of distribution functions can be got:
where the shorthands
have been used. Inserting the second order distribution functions of quark, anti-quark and gluon into the color current formula, we can get the second order color current:
It can be confirmed that the second order color current does not contribute to the nonlinear permittivity [7, 12] . So, we will analyze the third order equations directly. The third order kinetic equations for the fluctuation parts of distribution functions are:
By substituting the functions f
,· · ·, into Eqs. (14) and then substituting the third order distribution functions into the third order current, we may identify:
On r.h.s of Eq. (15), the term with Σ
is purely no-Abelian, while the other terms are Abelian counter ones. With the notion [10, 13] that the soft excitation carrying momentum k ∼ gT and the momentum of particles p ∼ T , one can confirm that the purely non-Abelian term of leading in g is Σ
2 , while the other Abelian counter terms are lower in g:
The third order mean field equation is:
The first term on the r.h.s of Eq. (17) represents the interaction between the particles and the secondary waves resulting from the nonlinear interactions of the eigenwaves in QGP; the second term is the plasmon self-interaction term in QGP, which is characteristic of the QCD plasma and different from the QED occasion. Just as pointed in Ref. [6] , in previous works, this term which reflects the non-Abelian characteristics has been discarded. Substituting j T (2) (k) and j T (3) (k) leading in g into the third order field equation, we obtain:
Multiplying both sides of Eq.(18) with A f (k ′ ), then taking average with respect to the random phase, by using the relations and shorthands [14] :
we can obtain:
The nonlinear permittivity defined in Eq. (21) is:
with The general analytical form of it is difficult to get. Here, for simplicity, we consider the diagonal elements that is considering only the correlation of the same color by using
